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(57) Abstract: A perlite base(3 steel rail excellent in wear re- 
sistance and (iuctility having a perlite structure containing 0.65 
to 1 .40 mass % of C, wherein in the heaci comer region thereof 
and in at least a part of the range from the surface of the top of 
the head region to a point of a depth of 10 mm, 200 or more 
of perlite blocks having a particle diameter of 1 to 15 jw m are 
observed per 0.2 mm^ of a checked area; and a method for pro- 
ducing the perlite based steel rail which comprises, in the hot 
rolling thereof, performing a tinish rolling comprising a surface 
temperature of 850 to 1000°C and a cross section reduction per- 
centage in the last pass of 6 % or more, and then subjecting the 
head region of said rail to an accelerated cooling at a cooling 
rate of 1 to 30°C/sec from an austenitic temperature to at least 

(57) KS%-e. C : 0.65 - 1.40% ^^W^T ^ z^ — 

;5<1S^^®«0.2mm2^/cy200fiJ^±#^S-r>SWJ*fi1±fc 

Ji^SISu— ;K7)SE;mJS;ti^850-iooo°C(7)|g|#i-e. 
o ^ X (7> W ffi 6 o/o lai. ± -r tt ± (f J± 5i 

Jt;b^e>)^a]^lJl 1 -30°C/"sec(Dl5Bl-e^^?5:< <!: t550°C 
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2) T^^mm (C : 0.85M-'1.20%) ^ ffi V^ T — 9 MJ-i^ tf- 

/V- (#r?i^ 8 -144016-^ . 

_b|Bl) ^^B^m^mm (C : 0.7~0.8 %) {JliS^lffl 

. ai**f.^^lli (C : 0.85^~1. 20%) K X ^ - 9 4 h 

^-^—9 4 h mm^^ (D ^ ^ 9 (D ± ?i ^ 4 hm^^m 

r T* . (D j; 5 PbIM ^^^-f- S i6 fe: J; 5 1^ IS 
^ $ fc o 

3) (C : 0.60—0. 85%) ^ffi V^ TJBE® fe: J: 19 ^ ^ h 
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(#18^ 8 -109440 o 

4) ( C : 0. 85M~1. 20%) ^ M T — ^ MI^ 

M^^'^\cm.Mz.\y — ?v 8 -246100-i'<i^i^) » 

5) ai*tlf#3 (C : 0. 85^ ~ 1.20%) ^fflV^T^^°-^-r hlE^ff' 

^S-rs ^ tc: J; !9 fig $ ^ ^ U W ^ '14 (;i -ff fci/ - (#|S 
^ 9 - 137228-^ <2^#) o 

6) T^^mn ( C : 0. 85® ~1. 20%) ^fflV^T. ji M J; !9 — 

t^\^ — jv 8 -109439#^^) o 

_bfB3) , 4) 1/ — /^'{c*^v^T^*. ^-f haiif^ 

4 hm.M'p (D 9 ?i 9 ^ (D± ?i <^ 4 h^m^^M^"^. ^iz.m 
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-/i/^^M'T?B^.^*iflfiJ ^^fg i: Ufc Wm^'|4*3 J; M iff fc 
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(1) «»%T% C : 0.65—1.40% hm^^ 

(2) C : 0. 65~1.40%, Si : 0. 05~2. 00%. Mn : 0. 
05~ 2. 00% ^ -a"^ ^ — ^ Ma^ ^ % t- § 1/ ^ /i^ *5 V> T > 

|g^n--^-§|5, m'm.U^m'^UM.hX^Xm-^ lOmm* -IrcDtSig 

0.2mm2^fc ^) 200^ ±#ii-f- § r i #m ^ i" S *5 J; t>' 

Mtt ffi fc — 7 ^ h ^ 1/ — /l^ o 

(3) C : 0. 65~1.40%. Si : 0. 05~2. 00% . Mn : 0. 
05—2.00%. Cr : 0. 05~2. 00% ^-^^ f S ^ Vm^U^^-^^ 
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10mm^-V(Dmm^{i^^f^ < t h—^i^. 1 ~ 15 m O - ^ h 

':fv^y^ 2mm^ ^ tc 19 200m ±^^-f' ^ ^ t ^^mt 

(4) (1) ~ (3) (Di^^:^^<Dmi^^M<D^<— =7 --f U — 71- 

(5) (1) ~ (4) (DipJti:^^(Dmi<^W.M(D^^— ^ ^ ly — 
(::*5VNT. ^r^JEEM=^<D U — /l^ft $ 100~200 mT?fe5r^^# 

(6) (1) ~ (5) <DpJti:d^(D:iMiC§&M(Dy<—^^h^U — /P 
m^20jam<DmM<Dm^ :^^Ev : 300—500 <^ 15 H T? ^ 5 r i ^ #^ t 

(7) (1) ~ (6) OfsTti/^d^©:® {c|B^O^N°— 7 h 5^ w — 7U 
{c:*5V^T. Sfcl, Mo : 0. 01~0. 50% ^^^-r § ^ ^ tr# 

(8) (1) ~ (7) <DipJti:^^(DlMi^W.M(D^<— "7 ^ U — 
^::*5V^T. Mfcl, V: 0.005~0.50%, Nb : 0.002—0. 
050 %, B : 0. 0001~0. 0050%, Co : 0. 10- 2. 00% . Cu:0.05-1. 
00%, Ni : 0. 05— 1. 00%, N : 0. 0040— 0. 0200% O 1 ^ ^ i/b 2 ® 
&.±^^mir^ r t tr#m t-r51f0^tS*5 j:^/M'l4fcl■|Stbfc^^°- 
(9) (1) — (8) ©fRltt;5^<D:^fc:SB^<^^^°— ^ h ^ 1/ — /l^ 

{j:*3V>T, Hf-^ W»%"e, Ti : 0. 0050— 0. 0500%, Mg : 0. 0005 — 
0.0200%, Ca : 0. 0005— 0. 0150%, Al : 0. 0080— 1. 00% , Zr : 0. 00 
01-0. 2000% O 1 a^fcfi 2mU±^^^'f-^ i ^ ^#ilti-r-5 W 
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(10) (4) ~ (9) (DMtii)><D:s^KU^(D^<—9^V^\y — ;V 

^mWa) ;05TIB (1) ^X^^^tb^m (CE) i^MVX, HS^CEtV 

CE=60( [inass%C] )+10( [inass%Si] ) + 10( [ mass%Mn] )+500( [mass%P] ) 
+50( [mass%S] )+30( [mass%Cr] )+50"- (1) ^ 

(11) C : 0. 65-1. 40«ft% ^-^^-r^li l/-/KD^PBlJiMf;i*3 
V^T. tt-hff iEM^^^ I/— 7KD^Mia^;dS 850~1000°C ©fSH 

^V^l?S^l/ — /KDSS^^:^ — v^;7"-:^-r h^?SiS/5^b?^*Pj||^l ~ 
30°C//sec <Dt5H-T?/i.-7^^ < i: % 550°C^ -t?jjP5gJ^*P yO^o^^a 
— ^ — §15. gSm^Sffi^^^i: LT^$10inm*T'CD|5IS^/i>7fe < 

(12) WM%X, C :0. 65~1.40%, Si : 0. 05~2. 00% ^ Mn : 0. 

05—2. 00% ^-^:^-r ^ i-—/^(Dmmj£mi^^\^^x. i±±if!^m=t 

^^l^ — /l^(Dm'mUMt^ 850~1000°C(D®IS't?, >&^0:ft^^N°>?. (Dif 

m^^7i- — :^y-i~4 h mum h^^M^Mm 1 '--3o°cx sec ©tgH-e 

<>fj:<t^ 550°C* T*;tjP5tJ«^*p fj^-oMU =^ - i~ — ^ . HHtP^ 
ffi^®;^ i UT^$10inm^T?(^ffi|g^/i>;^^ < t h—^K. 1 ~ 

15/z m©^N°-^-Y h 5/ ^ ;0S|g^ffi^O. 2mia2 ^ iTc ^) 200mSl±^ 
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(13) C : 0.65 — 1.40%. Si : 0. 05—2. 00% . Mn : 0. 
05—2.00%. Cr : 0.05— 2.00%^-^ Wt"S^ 1/^/1^ ®^^JEM{^:}3 

v^T. i±±ifmm^^^mi^—/^(Dmmm.m-A^ 85o-iooo°c©tSH-e 

30°C/sec <D mm X- {P- < b 550°C * ^^?^*P b . ^^oSIf|5:=i 
miHlHS^®^^^ i L.-C^$10miii*T'(D|5H<^/>/^ < t 
^— lH5{s:. 36^^ 1 — 15i« m(D^<—9 4 y ^ ^S;^^®^0. 2mm2 

(14) (11) — (13) (omM^<D-^\c^m(o^^—'7^vih^—7\^ 

■b^^ 1 /N°x^fc (omM^'P^t^ 1 — 30%<^i£M^ 2 ;^ _h 

o 

(15) (11) — (13) (f:>^f\.ii>(D-^\z.^Wi.(0^^--=7 ^ — ;v 

(^Mat:;^fe^-*3V^T. w - /KO m r^T JEM i;i:fet-tstt Jiff iiM 

^T=^. 200#J^rt{c^^ ix — /K^afUtr^d- — ;^ 7"-:^^ hi^?^|g;&^ 
e>?^*P5i^ 1 — SO^C/sec £D|5|gT*ii>:^.fc < ^ % 550°C * T'^IP 31 i«^4p 

(16) (11) — (13) <D{pirl^^^©:®{;l|B«0^^°- h ^ W-/^ 

^T^^ 200#£>li^}c:^^l/-/KDSS^^:^-;^7"-^^ h^^US/^)^ 
e^J^SPiiS 1 — 30°C/sec CDfSHT'ii^?'^ < ^ 550°C*t?. :d^o 2 
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^?^*P]^ft 1 ^lO^Cysec (Dmm-V{}^fi:<fh 650°Ci^X^Mmif^M 

(17) (11) ~ (16) (DpSti-A^<Dmi^B^<D^-<—y^V^'i^ — /^^ 
m^LUV^ m)f^fcl'i:^y':f(DM^Mmum (Tmax : °C) M 

mm}T't.fci-i:^yy^(D^m^^M-^^^^^^Tm (2) ^x^^^ti^ 

m (CT) KMVX. Tmax ^CT^m&V^ o W |B IS >^ * fc ;^ ^ 

Jt^ fc«:^ 7 :/cD>^m'a-*»*^ b 5 TIE (3) ^-C^$tt5{it ( 
CM) i^MVX. Tmax ^ CM^ JiMt" ^ J: 5 MlBiSi >ft ^ >^ 7 "T' 

CT=1500-140([mass%C])-80([mass%C])2- (2) ^ 

CM=600-120( [mass%C] )-60( [mass%C] )2 ••• (3) ^ 

(18) (11) ~ (16) (Di^ti:^^(Dmi^mM<Dy<— 9 ^ h^W-/i- 

/kJF^Jt^Ci^PHTiiM^, 60#^^rt tills li 1^-71^© 

:>--r h :®)!aS;«)^'b^^*q3g^ 1 ~10°C/sec (D 15 H -e ii^^ < ^3 650 

>-;^■7"•:^-r h ?5?^*P3t^ 5 ~20°C/sec ffl -t? ii> < t 

h 650°C* -e^jDjif^^p-f-S r ^ tr#iS: i~§B^^t4*5<3;t/M'l4(c 

(19) (11) ~ (16) (Dip!tl-d^(Dmi^mM(D^<—y^h^U — ;u 



10 



wo 03/085149 



PCT/JP03/04364 



h mum-^^ h^^m^M^ i ~io°c/sec (Dmmx-'J^^j: < eso 

(20) (11) ~ (16) (Di^fl-d^(Dmi^W.M(D^<— "7 4 — 

h 6>J^*U5Sa 5 ~20°C/sec O IS < i ^ 650 

°C ^ -t?^jP3gJ^Sp d^ofifHlJEMft^ 100#J^>(.l^ (cUtflBlPi 

h 2 ~20°C^sec (DfSfflT^ 

^i'^^^<i^5 650°C^'t?iiP^g?^*P ;?)^oSff|Bi? J: t>' 

j^iH3^^ — ;^ ^"•:f--r vmum:^^ hif^M^Mm 1 --io°cy sec (Dmmx 

(21) (11) ~ (16) (DipSri-^^<Dmi^tiM<^^'^'-~9 4 — 

?SBff J: »9 t50~100 °C_h#$-1i:. ^^otfl IBi^ l/-7l^(DSIt|3. ft^fc^ 
j:tJ^^Sf|3^:^ — :^^-^-r h bf^Sp^S 1 ~10°C/sec cotS 

(22) (11) ~ (16) ^ 4 h^U — /U 

?^til J: !9 ^20—100 °C_h#^ii:. -^^-^mmm — (DMM . 

J: t>*JS§|3^::e--;:^ h b J^SP^S 1 ~10°C/sec (^^ 
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m^^{i^^j: < th 650°C* T';!jP3g^^*Pt- § ^ t i § W^^tt 

(23) (11) ~ (16) (Di^tlii^(D:^i^mM<D^<-9 ^ — 

?atft J: ^ ^> 20-100 °c_h#$^. d^o^^jiM#> ioofj>up^icm 
mm^-/i^(Dm^(Dum^^um X ^ ^1^20—100 °c±^^^. -a^-d 

?^*P5gS 1 ~10°C/sec (Dmmx-<}^t^ < t h S50°C-^X-M^^^mir 

(24) (11) ~ (16) (Df5rtb>?i^(D^ic:|B^<7?^'?- h ^ I-' — /I- 

f^laifc^S 5 mSISH 750—650 °CX(Dll^M^^ (ICR : °C/sec) 

tfrlBi^ e> § TIB (4) ^-Tf^^tLSfit ( 

ccR)^::^uT. ICR ^ccR ^m^-t ^ ^ 0 KMm^^n-r ^ ^ h ^ m 

^ o 

CCR =0. 6+lOX ( [%C]-0. 9)-5X ( [%C]-0. 9) X [%Si]-0. 17[%Mn]-0. 
13[%Cr] - ( 4 ) ^ 

(25) (11) — (16) (Di^tl-fy^CDmi^BMO^-^- 9 4 — 

e>*P5tJ^*Pf 5 f-l^ tulB*P3t?^iP;$s. Ummm 750-500 "CT- 

<Dmmmi^—/]y(Dmm^m'm<D7^m^m (TH:°c/sec). mm^m 

(TS : °CXsec). STtP^S (Ur^C/se 
c)^^ ?3 5 TIB (5) ^X'^^ti^m (TCR);5S^ ti IE i9 1/ - /I'O 'fk 
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^^^•^^ ht^ ^TB (4) ^X^Tjk^th^m (CCR){CMUT. 4CCR 

^TCR ^2ccR %^iM-r § J; 9 f-;tjp5s?^*p-r§ ^ i ^ w 

CCR =0. 6+lOx ( [%C]-0. 9)-5X ( [%C]-0. 9) X [%Si]-0. 17[%Mn]-0. 

13[%Cr]- (4) ^ 
TCR =0.05 TH(°C/sec)+0. 10 TS ( °C /sec )+0. 50 TJ( °C /sec ) - 
(5) ^ 

(26) (11) ~ (25) (Di^tl7!)>(DiMi^tiM(Dy<— y 4 U — 

(^M3t:^^{iI*5v^T^ c^#»;$so.85~i.40%T?fe-s ^ t 

(27) (11) ~ (26) <D^tli)^(Dmi^m^(Dy<— 9 ^ U — 

(Dm:7^:^mK:$3\,^x . mmmmm(D t% 100—200111^^ 

(28) (11) ~ (27) (Di^th:^^(DmKmm(Dy<—9^hm^ — 7\^ 
<^M3t:^fe^c:*5v^■r. (i) ~ (10) (Diniti:^^(DmKmM(D^<—y 

t hm^20mm(D^m(Dm^ Tli^Ew : 300~500 0|5fflt?fe§r^^# 

^ o 

(29) (11) ~ (28) (Di^tl.:d^(Dmi^BM(0^<—9^hmi^ — /^ 
<^M5t;fe"^fe};l*5V^T. Mo : 0. 01 — 0. 50% ^-^W^ 

(30) (11) ~ (29) (Dpitb-d^(Dmi^t&M(D^-< — 9 4 h^l^ — 
©M3t;^^feJo:*5V^T. V : 0.005-0.50%. Nb : 

0.002-0.050 %, B : 0. 0001 — 0. 0050% , Co : 0. 10— 2. 00% , Cu 
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:0.05~1.00%, Ni : 0. 05~1. 00%. N : 0. 0040~ 0. 0200% O 1 ® 

(31) (11) — (30) COintl'A--(DmKniMcO^-<— y 4 h 1^ U — jU 
<DS3t:^^^c:*3V^-C. Hfc. K»%t?, Ti : O. 0050~0. 0500% , Mg 
: 0. 005~0. 0200% , Ca : 0. 0005~0. 0150% , Al : 0. 6o80~ 1. 00% 

. Zr : 0. 0001 — 0. 2000% 1 @ ^ 2 @ _h ^ ^ ^ 5 r t ^ # 

W: o 

(32) (11) ~ (31) <Di^tl-A^(DmKmM(D^-^—'7 4 h^l^ — ^l^ 
OOa m<D^^ i: ^^-r 5 ^W-fe 7< ^ h |aj^(D:*c^ (NC : ^^-fe 

}^ h^mWi) -A^rm ( i ) ^-^~^$:rb§{it (ce) ^ji^ut. 

NS^CEi: UT V — /V- ft ^ <D ^If ir ?^ ^ 4 h li.^ & iSM U 

CE=60( [ inass%C] )+10( [mass%Si] )+10( [mass%Mn] )+500( [mass%P] ) 
+50( [niass%S] )+30( [mass%Cr] )+50-- (1) ^ 

mi}*. u—;u^^^±(D}^m^^^vfcmo 
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iii7(^. m li^^ir^mm : i~i2) tm2ic^ 

matt, m 1 i^^ir:^mm in-B- i~i2) tm2K^ 

•ritmi^-/^m (#-^:17~22V) (D^\m^m^^i^:$Si1r^^mA 

1119 t^. tMm(DmW}mmm.mm<^miM^^\^fcmo 

-V^ T . Mtt ^ — ^ h m^(D ^ n >y ^ -^^ X(Dmm ?r sit SE L- fc 

o ^<^J^:i:. ^^°-7-r h M ,^ <^ ¥ ^ 1^ ?^ ^ ^ ^ ^ f ^ 
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o 

Iffl Tfe ^ -r h n (D ^ ^ §ij#p-f- S ^ i J; «9 . fRi_h 

H J- U S S (c: o v^ T ^ 0J i- § o 

^^;in5/z m § h ^ IB — ^ h 

mmo. 2mm2 fefc !9 200jB ^ _h }C ^ ^ L- fc S ft ^ ^ BJ -5 o 
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±-mmf\^ti:\-^t>h'vh^ o 5^*5 . 36^# 1 ~i5m m^^i-^/^°— ^-r 

h n © )^ _h R ^ w — /w© M 3t Bf © ji ® la 

!9 1000^ t^±.mtfi:^. 
h p 5/ 200J^± i Ufc^fi^, SS^=t — MM 

tUTV^5o i(DfcJ?), W-7^Jff^ ^l&ihi-'S u — /^m^^<D 

-rt^ t>-h. 1 ~15 u m^^-i-^^<—9 ^ XI y ^ (Dm. 

•7^ p vy ^ s^-^ X 5 r i ;0St)J5^o :^Co $ s l^-z^H^ 

O^SM^MS Ufci^:^. r O^;^ *3 v^ T . < t 

-/^JFrm^^^JcuaiJ-tr t 6 r h ^mUX^f^o * PS ^ -h IH (Z) J; 5 JfePS 

>:y ^ t° 5, h (D SEM{c: J: 5^^mfLm^lHl$(f (EBSP : Electr 
on Back-Scatter diffraction Pattern)^ § o 4^ HI ^10 ^ "T? }:i 
. — 7 -r h :/ n 5/ f- ^ X ^HH fe § fc Ji?) . ® -f^ IE - y 
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5^ ^fe . h -e # m H H "e o fc o ^ ^ T? 

. (i)#;^miL«^lHli^ (EBSP) ^^ffiV^fCo 

~15m m^:i-i-5^N°-7-r h "T"^ 5/ ^ hX^fzL, 

• - ^ -r V ^ y ^ (omi'&^w 

® SEM : 

(DM^^S^ : 400X500 ^ (^;^ ® ^0. 2inm2 ) 

® SEMt*— : SOnm 

(BWi"^:^^ y y {mm) : 0.1-0.9 nm 

( 2 ) ^ 

1/ - ^ O b ^ ^ ^ ^ ± IB ft ^ ® H ^ U /c il * o V ^ T P 
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. ^ -( v^mw (no i^mM'u. i^—7vm^<Dm 

0.85%® i:t"-5ri:;0S^^UV^„ 

fIJU. I/ — /K7)^^^©tt^lHjJt $*§7n^T?fe5„ U^^U. 0.05 
P^tl.?:ev^o ^fc. 2.00%^^^^^. ^reTHMHt fc^ffift:^^^ < ^ 

^(DtzLlb. Si»^0. 05~2. 00% {iiPS^ bfco 

Tci^-efeSo 0. 05%*M<^^^*'e(*. ^(D^^t^/b^< 

, 1/ — /i-Jeii^^^i $iT.5j»ii^'|4©lS^^;dSgiii: ^fc. 2.00 

mm^^^ (00.85%) -tft^, ^^ti:}£\^^m-^ > ^ 4 hum 

fttl5(^:^^/rir ^ >-^-f h^l^^ (NC) t^MM \^ — (D 
U'l^ti^^T-t^f^^o C<Dtc^. Mni^O. 05~2. 00% JilRI^ UfCo 
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jnmxh^o i^^^b. 0. 030% ^® ^T-^^-r ^ ^ . '(s^'ftt;^s^sv^ 

. PS^ 0. 030%i^;^T{-|35^ Ufco 

±^'^ ^ <Diz.:^^fS:7nmxh^ o U U . 0. 025% ;t T"^ 

u<iie3i$tt5„ -e^^M^. ?t ^ 4 h^mm (no 

% i^; T PS b o 
*fc. _hiBco^^m^-e^jt $ ns w-zi^f*. hiai^o 

m^^^X. Cr, Mo, V, Nb, B, Co, Cu, Ni, Ti, Mg, Ca, Al, 
Zr Tc * ^ M j^; D T ^^;tJP -f- S r ^ S o 

rrX'. Cr, Mo}*. ^•<-y4h(D^mmmM.^±^^'^. 

y< — y4 h y ?^ 9 mm^mM^t-r ^ :l tici: v) ^ ^ h umoi^ 
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Tilt. m^mn(DUM(7:>mm^h^my) . mmm^^^om^t^m 

o 
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0.01%*^i■T?^*•^(^^:f:;^S/J^ $ < ^ 1/ — /^^l O ^ ^ ft] ± $ -li: § ^ 

:^ ^ < ^ ^ T^c? < 5 o * /c . 0. 50% ^ M ;^ 6 aii id ^'^c ^;!jn ^ 5 
0.50% {CPIS UfCo 

o *fc. 0.500%^^;tT^;fini~§ t . m.±-^i^Y (Dmitm^Y (Dm. 

iit>. v*^ 0.005—0.500 'yo\^m^\^t^o 
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Si^) e> ti//^ v^o :^;^c. 0. 050% SrM;t T^;t/P-r § i 
^^ii#'I4;0MSTi~ 5 o ^(^fci^. Nb4tr 0.002~0.050 

m'^(Dm^^^Kl-^-^mt^m^ htits:V^o ^tc. 0.0050%^®;tT 

mPs^m^mm^:i^^:k^ < ^Tir:6 tib^h. B*^0.0001~ 
0. 0050% i^m^VTCo 

:l tKX V Mtt^iR]-h ^-ti-STu^-efes o. io%*^-e{* 

^(O^^t^M'^X^ f3:\^^o *^c. 2. 00% mMir :6 t . y 

B^u. u — 7U(Dmm'mmMn^^^i&T'i'^o ^(D±isb^ CoA^o.io 
— 2. 00%J^R5^ b/Co 
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hm^<Dm& mm ^\^±^^^7nmvh^t^. 0.05% 

u — /U(Dm^t^^Tir^o :i(Drc)i>^ Cu» ^0. 05~1. 00% u 

^■TrfeSo ^fef:::. *5 v^ t . Tiilt-a^T? NigTicT) 

0.01%7^?i|-tr{4. ^(Dm^t^^A^ < fh^ < . ^fc. 1.00 

% Sr^;t T^;!)P-r 5 ^ . :7 ^ h cD Mtt ^ b < iST b . 5 

-rSo Z.(Dfz.^. NiS^O. 01~1.00%{c:RS^bfCo 

;os^0b7^^ v^i ^ ^^ijM bT. ^-:^7'-r-^ Ym-^xM^-^^^m 

^^^^^^-efeSo b/O^b. 0. 0050%7icM-T? ^ < ^ 

o.o5oo%^®x.-c^;fjp-r§ i . ^iKfi:i\(D . iKDm^w^mt^^ 

# < ®T-t-§ - i: ^ Ti»%0. 0050~0. 050 %}c:|IS^bfCo 
Mgf^. O, ^fcfi. S ^Al# i b-C^lffl/^m^b^^^?^^ b. 

f^^^^ceTni^-T? S> 5 o MgO, MgS;OS MnS ^ }c ^ fS: $ ii: , 
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m^^&^i&T ^ ^ ^ fc)^, Mg*^0. 0005~ 0.0200 UfCo 

Caf*. S t (D^^tfi^^mK . Cast VX^^t^ ^ ^ 

. CaS;^S MnSSr#|HfC^m$-1i:. MnScD M ffi Mn(D # >^ ^ ^ ?f^^ U 

<. 0. 0150% ^^;tT^;!jPi-§ ^ , Ca(D fe^ ^-fb^^ jO^ ^ ^ U . 1/ - 
0. 0005~0, 0150% bfCo 

Xh^:f)K 0. 0080%i^AT-Tr(i. 't(Dm^t^m<. 1.00%^M;tT^ 
U < mTir^ fc^^ AIM^O. 0080~1. 00% KmM'UrCo 

h^o Zr»;OSo. 0001%^T'T?f* s ZrO^^ (O^-i)^ ti: 
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-r hm^(D^mnm(DmM*^i&T't ^ o *7t, zr»;os 0.2000%^^ 

!9 . l- — J^(Dm.mm^:d'^i&Tir:6. rofciJ^. Zr» ^ 0. 0001- 0. 

2000% Kmmvfco 

<Diz::^^/j:^^X-h^ o 0. 0040%7fe>a "T? ^ 

fl< . 0. 0200%Sr7@;^T^;{)Pi~5 . m ^ mm ^ ^ ^ t 7^^ MM^ 

. N»^0. 0040~0. 0200%{C|I5^ UfCo 

^Mj^t Vxm^ 10iam1^X<Dm.m<D<i^/S: < t h—Ui^. mm l ~15 

fi m(o^^—=7^ h :/ n ^^;^W^o. 2mm2 fe/c ^) 200'fli 1^ _h fci- 
^<7);^-x-7^-t- h*5[^:Str$UM ^^o*||.£EM (DM® ^ ^ IS < 
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±. l3Um^^M^Mmi't:t- :^y''r4 h^d^fe 550°C * -Tjcosp:^^ 1 °C 
/sec Sl-t'V h ^ o 

^}'t:t-::^T-r-< hi^-^^h 550°C ^ ^ 5 °C/sec ^_hT'fe 

-S o 

(3) 1/ — 7^Stl5(^^$i:-^ot'5H 
OfBfflt^fig^^ Hv300~500 (D^Htci|Jl^U/ca^i^oV>Tl5&5gi- 

mtfs:^), u — ^u<Dmmm-^i)^i&Tir^. ^fc. Hv500^® 
W0^t4(7)i: bVNfBi_h{;i J: (9 . ^ ^ (9 ^ ^ ^ - 

fc^5^^°-^-r MM.^(^5^$^ Hv300~500 H ^ U fc „ 

Hv300~500 (D|5H^, 3 — — j; t^^ISlI^ 

1^ §g i- s o 

20inm7l5^'T?(^ , U — /U (D ^ m0 h ^ ^ ^ t . 1/ — 

^HTVN^S^^i bTfi/h^ < . iz- 
zP-^^ fflll i S fc i6 T~ S o ^fc. Hv30b~50 

T. ^$30mm^y._h■T?fei^{i^ 1/ — # $ (CIrJ _h L . X \) 
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^U — /U(Dm^m'^^miiLm:'V(D\^^s^XXJ^m^ Hv300~500 (D^^ 

KmM-r^^^—i^=i — -r— (g.c. ) ^i?fe§o hvsoo-soo (d 
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mmi^ X V Mibtc, m^—/i^<D^h^^^ (mass%) (D ^ 

ItUfc^:^, l^-jUm^(D:^^± p( ly ^ 4 h^mm (NO ^1/ — 

CE= 60 [mass%Cj -10 [inass%Si] +10 [mass%Mn] +500 [inass%P] +50 [mass 
%S]+30[inass%Cr]-54--- (1) ^ 

1 

NC (ft§|5cD|U*f-fe 7« V^-r hlam t (^^am) ^CE(s^l) 

h^^^m (NO ^i&m-r^i^i-t. mmm7^\^m\^xi-i. omm 

. ^^If-fe^ h^mm (NO ^ J; 89 }c:{*, _h|BO 

o 
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(NO <Z)||iJ^^i£ 

TiKDm^ h^m.'f ^^m-^ ^ ^^^4 vuu m^(Dm^) (D^^m. 
^ V hi- § „ m 2 K^<Dmi^:ffm(Dm^m^^ir. ^m-r^^w 

i^3S UfcT^^cD-a-lt ( CXn=4] + CYn=7] ) tVfCo Jfe *3 , M 
( 6 ) CEm^^^^ ^ 

4 V^mW. (NO 1/ — (inass%) k<Dm%^nm 
Mf- J: ?9 :^J?)7t^>(^T'fe§o 4^^T{-^<30*iM^ (SCI) ^^^T. 

CE=60[ inass%C] ~*10[inass%Si] +10 [mas s%Mii] +500 [mas s%P] +50 [mass 
%S]+30[mass%Cr]-54--- (1) ^ 
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•erx-. fiJtKDMH-cfe S§|5^6^?^=c^^i!l>;0S^^-t- 

(2^) ic^~rm)f<Dmm*. (mass%) ^ffi v^}^c 2 ^^T?^-r r i 

^STr#, ii>T-<5DftiS;!jP^?a^ (Tmax ; °C) ^ ^ O 2 ^ ^ ;^)^ b ^ i6 
CT= 1500-140 ( [inass%C])-80([mass%C])2"- (2) ^ 
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i^m ^ th :i t t!)^ t> o o 

^mmti^f^m^. tib (3^) iz.^irm)i(o^mm. (inass%) ^ 

^ V^fc 2 ^^X^i-r t /55X# . |i;T-OS;tJP^^^ (Mmax ; min) 

^mm^(Dy<-7-^ hmm<DmmM^m^ (Di&TT^mm^n^ mm 

CM= 600-120 ( [mass%C] )-60( [mass%C] )2 ••• (3) ^ 
Ufc;aSo-r> ;z^^ggTM*. U — /l^ii^^*5V^T^ 

:$:mmi-i. m^m^m (Du-/)ymmmm}f^my^xm 
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(7) mmmm^n ^ ^MmoLUiz^i-f ^m)T'<Dm±Mmum (t 

max ; °C) PI ^ {21 O T 

)i(D-m^Mmum (Xmax ; °C) ^ W - /l^O ^-^^ » ^ ^ 

t(Dm^^mmmi^ ^ ^ ^^fco sxrK^(Dmm^ (2^) ^ 

CT= 1500-140 ( [mass%C] )-80( [mass%C] )2 ••• (2) ^ 
(Tmax ; °C) ^^K**^;^^* V^ 2 ^ ^ a6 5 CTflt 

(8) mmmm^n ^ m'i}\imj:mi^:^iir ^m)f(Dijum^w^m (m 

max ; min) O PI ^ o V^ T 

>f;05llOO°CJ^Ji}e:^JP^$ (Mmax ; min) Sr. Ip3l/-/^ 

©^^-a-^iJi^b^i^^ttS CMffi ^ T J- PI ^ U a ^ o T PIffl 
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S r i: o fc o 

(3^) 

CM= 600-120 ( [mass%C] )-60( [mass%C] )2 ••• (3) ^ 

bfc;5SoT. (3) ^\-±m^mm^-^^h ^ . m)f(DnMmumii 

00°C^^_hO^aS:®{c:*5V^T. MMi^W^m (Mmax ; min) ^ :i<D 2 

:(jP^^^^t^PBl (Mmax ; min) T PS#: f^l O V^ T . # fil 
i-SH^.^^ e> . 250minJ^_h ^ 1-5 ;n ^ bVNo 

u — ^ mm-r ^ t ^^^^m t^^^o 
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:^mm^ 1^ i/-/^®3t {-*5v^T. i^-zi'tt^. ^ 

^ ^ ffi U fc o 

u — ±^Km ^ u & ^ ^if^i!iim & (D mm mm tt^:^ . u-ju^^ 

:lj \pi (D U Myl>^ — ts: ^ :i b H)^ t> if)^ <^ . ^r-e. ^i/ — 
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mum. rn'mm^p^. ^■^:Kr^^m, mmmmi^'tx-Bm^m^h ^ 
(9) Mm^^m^{^<Dm^m^ 
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. ^ ^^^(c: J:oT«. lU^ff-&p< v^-f 

^1^200 s e ci^rt^L/Co !^aMB#PHl;5S 200 s e c 

o Ufod^oT. Jg3iiB#W;5S 2 5 0 s e c l^\^XhtHt. mmm±m 

(D Mm^^ mm m 7i)^ i°c/ secern xi-i. :^^^^xit. u-/um^(D 

K.^t. *^^^-efi. -^/Uy^^y^^ hmm-A^^j^V, U-7UmM 



37 



wo 03/085149 



PCT/JP03/04364 



fgffl ^ 1 ~ 3 0 °C/secC0|5IS t-IS^ UfCo 

— ?V(0-m^t^^^^^ o ^<Dfz.}b. < ^ 5 5 0 °C * -TfJOjg 

f MS H ii i S „ ^/c. *n5g?^*P5SS;55 1 0 "C/sec^® ;t S ^ . if. 
(^|eIS^1~1 0 °C/sec(Df£ffl PSS bfCo 
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< i t> 6 5 0 "ci^xMm^if^m^n 0 ^ t ^m^vfco 

o 

(10) u — xij^^<Dmmm^i^<DmMm^ 

fitJ^SPlg^^* T'(D^Pb1;0S 1 0 0 s e c ^SxiS h . 
100secei>F*3^UfCo 

ov^T^s #};iTPSffittlS^ UT V^/^ V^;$s^ )V1^^(Oi^ — y^'r 
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fcis?), 1/ — /Vft^0^ig)«^*P^O?^*P3t^|5|g ^ 2 ~ 2 0°C/sec© 

bmr^ X'(D^m'^ti:'^mMmx-h v > ^^^p^^^ ^^^^^P5i^^^■r 
5 0 OV^^T^ttii^o 
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C0fgT$-^-5fcJ?). #?&^^^*-t?(^)^PBT^l 0 0 s e c UP^ t \^f^ 

o 

. If J; < fci6. f^PBTJ±MII-T# 5 s e c SX±mi^Vtt 

o 10 0 °o^m.K.^ t . is^3gm<^^^°-^-r hm 

^^(D^U^&^ 2 0 — 1 0 0 °C©f5H(::ps^UfCo 

iklz:^ it^:® 18, 2 0{cl*5V^T. w-/^M^If|3 0^^a^#{c: 

mr^^ 6 0 s e c£>ll^iUfCo 



41 



wo 03/085149 



PCT/JP03/04364 



ffi^^T^ 5 s e c &.±m7^^t^^^i^Mmif^m^mt^ir^ :l tt^m 

o '^mMm^^ 5 "C/ secern -^^i-i. W-Zl-S^^c^^U 

2 0 °C/sec^® ;t S i . :2^^^^TMi. U — ^^Ul^-^ /l-'r 

U — ;u^^^(DMm^if^^^(D;^MMM^m^ 5 2 0°C/sec(D 
i5 H PS ^ U fc . 

*PjS^;5Sj:|H|3g^|g|gp*gi?^tT.«\ ^ *ff "fe p< ^ hmm(D^^<D 
^fc, w — /^M^^(D#3t?^^^o?^^p?a^f5fflfcov^T^gg■f- 
iiBtPsl^OS 6 0 s e c ^@;t 5 ^ . #?fitfi}- Ix — /l^M 
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■m\&<Di&T ^f^ib^ ^umf^'Mx-(Dmm^ 6 O s e c si^^t v 

(11) i^rsiffiM^c^ ^ (7)ps^a^ 
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(DU — ;vM^^ 100~200 mOfSH i: LfCo 

^^*5, t VX ^ 100-200 m ^mUir ^ Ki^ ^ ^ 

(12) mm}£mm(DmM^W(Dmmm^ 
m^m 11-14 (;l:^3v^T. mm}^mm<Dmm^^^±mmmi^ 

i^-/^^mu<D^-<-^^ hm^tmMit^-r^ m^^^-^^^^i^±i^ti: 

it;^sfflll *fc. l/-/^'(D^a^;^s^v^f^l^6. ffi ® it ^ ^ff 

o i (Dfci^. mmmmMrTU&^ sso — iooo °c<Dmm t vtc 

o 

S^iEM*^ l^N°x^fc!90ilf®Mii^¥:dSl%*il"^f*x — >?.-7^ 
h < rn'mit^-f. y ^ V ^ ^ ^ X (D 
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ifffij^i!/-^^ 1 — 3 0%<D|5Hi UfCo 

^fc. rpi^rmT^os 1 0 s e c ^m^^ h . jem^ 

\Z.'^—-:^J-^^ hn7!)^m^^\^. 4 h-^ri y ^ 

M1^^M^<Dy^:^m^m^ 1 0 s e c &.\HtVf!io ^i:^. ^^^^ 
rs^^jSM'fl^f- J;t)^-:^7"-^-f hm^l^lfflfl^U. fS:^&^{-^^°-9-r 

!9 t T^t^ifffiff $ ^S^V^tl5^ (^^-^ : 5) . r^f|5j « . 0 1 
(cl^-f- J; !9 ^3 T^^^fP:^ : 6) ^ » * . f 

J^^^J hUi. HI 1 {31:^1- (^^ : 6) (D%mU^ 
: 7 ) -Trfe^o *#f^-e«. W — /^^3fe^t*^^;5'^ 1 0 ~ 4 0 

: 7) f^Ji,^ (^-^ : 6) © — tl5 ^ ^> © 5 o 

J: tj^^f^*p^#{^, mi\^7r^irmu in^ : i) . ( 

: 6) CD l/-7^*af|':fe§|5. : 5) (D W - /V ,g $ 41 

^{;^^a^t-§&«^ J£^§P : 7) 0^lH53fe^;?)> P> 5 mm^g 

*5 V^ T . ^ ® f> ^ ^ 0 ~ 3 m m © 15 H M S t-:^^ ^ . ti. 
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— 7^lflM'^':*:lH5{-*3V^-C. JIM it ^ ^ ffi ?fi ^ ^ SlJ ^ -f" . mM<D 

(D P ^ fc: o v^ T U fc o 

1/ - /v- ^ iHs ff^ ^ ^ s m L ]S ^ * ^ ^ >t ^ ffi V ^ T s ^ a ^ a 

Srffofcl^:^. U-'/um<Dit^f^^ (C, Si, Mn, Cr) tW^"^?^ 

^40. 85mass%® © W — /^^{^:*3V^T. U — (D (C, 

Si, Mn, Cr) ^ |U W ^ >- ^ ^ Mi ^ ^ ^ # ?^ *P 51 it O M ^ 
a^@M(- J; ?9 ^idfCo 1/ — /HPIcD'ft:^^:^ (mass%) (D 

F^lH5<^^^^3tS(ICR. "C/sec)^ CCRflt ± i S r i J: . M 

CCR =0. 6+lOX ( [%C]-0. 9)-5X ( [%C]-0. 9) X [%Si]-0. 17[%Mn]-0. 
13[%Cr] ••• ( 4 ) ^ 
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jt J; »9 ^^an^^ff v^. u—/\^mm:^(D^m^<Dif^Mmm t m 

a, u-/umm'^m'm(oi^m^Mm (th, °c/sec). u—7v:^^<Dm 
mn^m<D^^^'^mmm. (ts. °cysec). u—ju:^>^(Dmntm^ 
(om^u-vh ^ h :^^-r^m'mco^t^^^mmm (tj, °cxsec) tmm 
^^h^. m^f^u<D^i^mimm^(Dm-^m^^m:vfz. (5) ^(Dm ( 

TCR =0. 05TH(°C/sec)+0. 10TS(°C/sec)+0.50TJ(°C/sec)- (5) 

^^*5, _t^f^^-rSMi|iJ§|3c^?^^3g^ (TS. "C/sec). fer^T§|30 
^^iP3lS (TJ, °C/sec)}i:, U — /U:^^ <D ^^^(D ^i^m^ ^-f- -h 

-5 r i! ;b o fc o 

-r^^^t>. :^mmn TCR{a:^4ccR ^tcr ^2ccr <d mm i^mm 
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^(icR. °cxsec)^m^-v^ . mm^uo:^^± ?i :y ^ 4 hmm(D 

^^'^(D'^nMm. (ICR)^ I/ — /HfgO'fb^^^:*^ tbS CCR 

(13) mmH^(Dwm-^ hm.m^mmjtm^m:}jm(Dm^ 
m. s 

1) c cRm^^^ ^^(om'&m^ 

(C. Si.Mn, Cr) (Dmm^Mmmi^ ^ ^ ^^fci:> (DX h ^ 
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CCR=0. 6 + lOX ( C%C3 - 0. 9) - 5X ( C%C3 - 
0. 9) X C%Si] - 0. 17 [%Mn] - 0. 13 [%Cr] 
- (4) ^ 

^miS$|5j6^ § 3 0 mm<Ditm 2: U /c S (cl o V^ T i& 0J 1" § o 
$ 3 0 mm<Di±m'tMM L » 

^ui^t!)^ 7 5 o~6 5 0 ''C(Dm^mxh ^ :i t ii^m^i^ ^ ^ tl 

5 0~6 5 0 °C(Dmmi^mMVfCo 



49 



wo 03/085149 



PCT/JP03/04364 



^l^X^^ mm^(Dlf^iliiMM (T. °C/sec) . SS«^(D}^*P51S ( 
S. °C/sec) . ferT^(^J^^3i* (J^ °C/sec) . 
F^^O^^^jSS (ICR. °C/sec) ^WlMl^. ^LtlhMM^CO^^ 

iiLCD'^nmm^. m^\H^(Dif^n^Mm (icr) KM-r^^^-^mx- 

TCR=0. 05T (°C/sec) +0. lOS (°C/sec) +0. 5 0 
J CC/sec) - ( 5 ) ^ 

^i::^^. ±^i^^-rmmn<D;^m^^& (s. °c/sec) . h::TU<D 

^if^m^m (J. °c/sec) Jit. u-7U&:^(D^^^(D^mm^^irh 
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8 





it^m.^ (mass%) 


C 


Si/Mn/Cr/Mo/ V/Nb/B /Co/ 
Cu/Ni/Ti/Mg/Ca/Al/Zr/N 


43 


0. 86 


Si : 0. 35 
Mn : 1. 00 


44 


0. 90 


Si : 0. 25 
Mn : 0. 80 
Mo : 0. 02 


45 


0. 95 


Si : 0. 81 
Mn : 0. 42 
Cr : 0. 54 


46 


1. 00 




47 


1. UU 


Si : 0. 55 Cu : 0. 35 
Mn : U. by 
Cr : 0. 21 


48 


1. 01 


Si : 0. 75 V : 0. 030 
Mn : 0. 45 N : 0. 010 
Cr : 0. 45 


49 


1. 11 


Si : 1. 35 Zr : 0. 0017 
Mn : 0. 31 
Cr : 0. 34 


50 


1. 19 


Si : 0. 58 Al : 0. 08 
Mn : 0. 58 
Cr : 0. 20 


51 


1. 35 


Si : 0. 45 N : 0. 0080 
Mn : 0. 35 
Cr : 0. 15 
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11 





ih^J^-^ (mass%) 


C 


Si/Mn/Cr/Mo/ V / Nb/ B / Co/ 
Cu/Ni/'Ti/Mg/Ca/Al/Zr/'N 


52 


0. 86 


Si : 0. 50 
Mn : 1. 05 


53 


0. 90 


Si : 0. 50 Mo : 0. 02 
Mn : 1. 05 
Cr : 0. 25 


54 


0. 90 


Si : 0. 25 
Mn : 0. 65 
Cr : 0. 22 


55 


1. 00 


Si : 0. 41 
Mn : 0. 70 
Cr : 0. 25 


56 


1. 01 






57 


1. 01 


Si : 0. 81 V : 0. 03 
Mn : 0. 65 N : 0. 0080 
Cr : 0. 55 


58 


1. 11 


O- - A AC r* m f\ OCT 

Si : U. 45 Lu : 0. zo 
Mn : 0. 51 
Cr : 0. 34 


59 


1. 21 


Si : 1. 35 Zr : 0. 0015 
Mn : 0. 15 Ca : 0. 0020 
Cr : 0. 15 


60 


1. 38 


Si : 0. 35 Al : 0. 07 
Mn : 0. 12 
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14 



m 


^h^m^ (mass%) 


C 


Si/Mn/Cr/Mo / V /^h/ B / Co/ 
Cu/Ni/Ti/Mg/Ca/Al/Zr/N 


61 


0. 86 


Si : 0. 50 
Mn : 0. 80 


62 


0. 90 


Si : 0. 35 Mo : 0. 03 
Mn : 0. 80 


63 


0. 95 


Si : 0. 80 
Mn : 0. 50 
Cr : 0. 45 


64 


1. 00 




65 


1. 00 


Si : 0. 55 
Mn : 0. 70 
Cr : 0. 25 


66 


1. 01 


Si : 0. 80 V : 0. 020 
Mn : 0. 45 N : 0. 010 
Cr : 0. 40 


67 


1. 11 


Si : 1. 45 Zr : 0. 0020 
Mn : 0. 35 V : 0. 050 
Cr : 0. 41 


68 


1. 19 


Si : 0. 45 Al : 0. 07 
Mn : 0. 65 
Cr : 0. 15 


69 


1. 35 


Si : 0. 45 Cu : 0. 15 
Mn : 0. 45 
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17 





(mass%) 


C 


Si/ Mn/ Cr / Mo/ V / Nb/ B / Co/ 
Cu/Ni/Ti/Mg/Ca/Al/Zr/N 


70 


0. 86 


bi : 0. 25 
Mn : 0. 80 


71 


0. 90 


o ' nor* r\ or" 

Si : 0. 25 Cu : 0. 25 
Mn : 0. 80 
Cr : 0. 20 


72 


0. 95 


Si : 0. 80 Mo : 0. 03 
Mn : 0. 50 
Cr : 0. 25 


73 


1. 00 




74 


1. 00 


Si : 0. 55 
Mn : 0. 65 
Cr : 0. 25 


75 


1. 01 


Si : 0. 80 V : 0. 02 
Mn : 0. 45 N : 0. 0080 
Cr : 0. 40 


76 


1. 11 


ol : 1. 45 Lx : U. UUlo 
Mn : 0. 25 
Cr : 0. 35 


77 


1. 19 


Si : 0. 85 Al : 0. 08 
Mn : 0. 15 


78 


1. 34 


Si : 0. 85 
Mn : 0. 15 
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20 





^t^m^ (mass%) 


C 


Si 


Mn 


Cr 


Mo/V/Nb/ B/Co/uu 
Ni/^Ti/Mg/Ca/Al/Zr 


79 


0. 86 


0. 25 


1. 15 


0. 12 




80 


0. 90 


0. 25 


1. 21 


0. 05 


ir^ . n no 
Mo : U. kjZ 


81 


0. 95 


0. 51 


0. 78 


0. 22 




82 


1. 00 


0. 42 


0. 68 


0. 25 




83 


1. 01 


0. 75 


0. 35 


0. 75 


Ti : 0. 0150 
B : 0. 0008 


84 


1. 11 


0. 11 


0. 31 


0. 31 


v • n nni 7 
LT . u.uui/ 

Ca : 0. 0021 


85 


1. 19 


1. 25 


0. 15 


0. 15 


V : 0. 02 
Al : 0. 08 


86 


1. 35 


1. 05 


0. 25 


0. 25 
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1. C : 0. 65-1.40% ^^W-r 5 ^-^"^ hia^^^ 

m ^ lOmm^ V (D mm ^ < t -h—Ui^. 1 ~15m m(D^^°— 9 

^ h :/p 5/ 35S:^;it®^0. 2inin2^ fc !9 200^ ^ J:#^^ § ^1 ^ 
mi:-t-§ Wm^'[-4*5 J:t;?ffitt(3itf nfc^-^-^-r 

2. C : 0. 65~1. 40%, Si : 0. 05 — 2. 00% , Mn : 0. 05 
~2. 00% ^^^f^ hte^^^-f-^ii? V — /^'^^:*DV^T> ® 

^3_-j-_§i5^ mm^mm^^M. t v x m ^ lommi^ -^^ (D^m ^ ts: 

2mm2^fc ?5 200^ Ji^^fe-T § ^ i ^ t f § J: t>*M 

'14 — ^ ^ h^i^ — /I'o 

3. C : 0.65—1.40%, Si : 0. 05 — 2. 00% , Mn : 0. 05 
— 2.00%. Cr : 0. 05— 2. 00% ^-^^-T S ^ hmM^^-T 

mra^ X (D mm ^ 'J^ < t -h — ^i^ . )fei#l — 15/^m<Z)/^°— h ^ 

V^T. C^:#*j5So.85%®-1.40%-Trfe§ r t ^^^i: 
'[4 *5 J: ® -ft - 7 -f h ^ 1/ — /I- o 

V^T, ^WJEM=^© 1/ — /VS ^ ;as 100—200 ml?fe 5 n i: 
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20mm(D|5IS (7)^ $ ;OSHv : 300~500 (D '^^ h ^ ^ t ^ t ir ^ 
V^T. Mo : 0. 01~0. 50% r i tr^tt ^ 

V^T. V : 0.005^0.50%. Nb : 0.002~0.050 

%. B : 0. G001~0.0050%, Co : 0. 10~2. 00% . Cu : 0. 05~ 1. 00% 
, Ni : 0. 05~1. 00%, N : 0. 0040~0. 0200% © 1 « ^ /c 2 ^J^_h 

h ^ 1/ — /l^ o 

V^T. ®S%-e. Ti : 0. 0050~0. 0500% . Mg : 0. 0005~ 0. 02 

00%. Ca : 0.0005~0. 0150%. Al : 0.0080~ 1.00%. Zr : 0. 0001~ 

o.2ooo%(^ 1 a^fcf* 2 m&.±^^^'r:6 :i t ^wwLtir^mmn 

10. m^km 4 9 (Dintl-d^<Dmi^W>M<Dy<—9 4 h^U — ;UiZ:$o 
V^T. W — /l'ft§|5(Z)4«3:£|ftPfJ:^§|3'^llLff ^ 300 /x m © |^ ^ i: 

^^•f-^lulif-fep^ ^^-Y MaM<^^#: (NC : ^tFf-fe^ ^-^^ 

^) ;OSTIB (1) ^^^^^il^Sffi (CE) };i^L-C. NS^CEibTW 

CE= 60( [mass%C] )+10( [mass%Si] )+10( [inass%Mn] )+500( [mass%P] ) 
+50( [mass%S] )+30( [inass%Cr] )+50- (1) ^ 

11. C : 0.65~1.40K»%^'^Wt-Si§ I/ — /^<0^^ffiM{^*5V^ 
T. i±±1,f)±m^^^m^ — /^(^^'^Um^^ 850~1000°C(^|5IS'e. 
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°C/sec (DmmX^'J^^J: < t h 550°C*T7^/Pjg?^*PU. d^o^^=t- 

12. K*%"e^ C : 0.65—1.40%. Si : 0. 05~ 2. 00% . Mn : 0. 05 
-2. 00% ^-a-^-r 5ii 1/ — 7^0^rB^ffiMfi::*5V^T, tt-htf JEM^S 
^ U — SSO—IOOO^C ©tSH^, ^^o:^^/-?;:^ (DiffM 

^/>^;6> 6 % !^ ± t -r ^ tt±if mm \^ . ^v^■T?^Ml/-/^^^ss 

tl3Sf:^-;^7"-^-r h b^SP^iSS 1 ~30°C/sec (^^ffl-T?/> 

^j^.'f. i UT^ $ lOmm^ X(Dm.m^'Pt^< t h —^^K. 1-15 
Jum<^^^°-7^ h :/ f ;05|fi^;itffi^O.2mm2 ^ fc «9 200fli Jb^^i^ 

13. K*%'e. C :0. 65~1.40%, Si : 0. 05~2. 00% . Mn : 0. 05 
~2.00%. Cr : 0. 05~2. 00% ^ ^^-f* § ^9 1^ — /KD ^ ^ JE® *5 V^ 

tt-htf 850~1000°C(^t5IS-^^ 

\^^xmmi^ — ^^(DmU^:t — :^'ri-4 h i^UM-^^ h ^^M^M 1—30 
°C/sec (D^mX'Pti: < t h 550°C * T'^JBit?^^ U . ;&^o^§|5=t — 

— ^f^. 1 ~15m m©^^°— b -7^1^ 5/ ;05M^®^O. 2miii2 ^ 

89 200iili^;l_h#4i $-1^ § r i ?r #m ^ i" 2. W«^'|4 *5 J: t>'® 14 

14. it^:Sll~13<7)f0ltby?)^(D:^}ciE^O^^°- hmi^ — 
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SPaiS 1 ~30°C/'sec © ^ IS /> < % 550°C ^ ABai^^^p-r 5 

16. it^^ll~13<^fprtT/:e)^©^fc:|B^(^)^~^'- ^ ^ h^w — /i^cM 

SPsS^ 1 ~30°C/'sec (D^HT?^i?"!fe < i % 550°C*-e. >5>o 200# 
*PJ^it 1 ~10°CXsec (DmmX^'J^t^ < t -h 650°C* T?:&P3S?^*Pi-5 

17. ft ^:Sll~16(DfwrtV/i^©:S^-SB«(59/^°— 7^ h^lx — /^(^M 
m)f^f^i'i^'7-:f(Dm±Mmm.m (Tmax : °C) ttrlB^ 

}f~krci^:^9'f(D^m^mM-^^^ti:^Tm (2) ^T-^^tLS^ ( 

CT) (;i^LT. Tmax ^CT^M^U. o M IB li * ;^ 9 

1100°C£;l±<D?a^}c:;fjP^^(Di^3t^^ (Mmax : ^) ;OStusB^>^* 

fcf* ;^ ^ •7^(0^^^^*}?)^ ^ Tfe § TIB (3) (CM) 
{^:?^bT. Tmax ^ CM^ ^ "T § J: 5 tu IB ^ ^H* * l^c X ^ 7* ^ # 
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CT=1500-140( [mass%C] )-80( [mass%C] )2 - (2) ^ 
CM=600-120( [mass%C] )-60( [mass%C] )2 ■•• (3) ^ 

h ^^^PjSS 1 ~10°C/'sec © tS ffl ii> < t h 650°C * 

"r-r^ h mumif}"^ h^f^mimM 5 ~2o''c/sec (om.mx^^p'ti: < t -h 6 
5o°c ^ -v iju m m ir ^ r t t-r ^wimn'\^^ ^ um^^Kmn 

hmu&if)^ h^^m^Mm 2 '^2o''cysec (Dmm-^'p^^ < ti> 65o°c* 

h P>J^SP3SS 1 ^lO^C/sec (Dmm'(:'P^£ < t 650°C * 

x-Mm^n-r^ ^ t ^wmt-r^mmm^^ ^xj^M^i^mthtti^-^- 
20. m^^ii^i6(Di^^f)^(Dmi^mM(D^<~ y 4 h^w-/^c^M 

h ^lai^:^^ ^jJ^SPjI^ 5 ~20°C/sec CO ffl "t? < ^ ^ 650°C * 

T*^jn^?^*p ifj^^mmmm^. ioo#j^i^jc:tffSB#3 i^-zK^aifP 

^ - ;^ 7^ h ^jv^SPjSS 2 ~20°C/sec cD|5fflT*^j^Jfe 

<t-h 650°C * T?;[3P3t?^*P ^^oltftBii iz — zK^SStU^S J: testis 
^ ;^ — 7^ h bJ^SP^S^ 1 ~10°C/sec <5 ffl if> 
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— h mum^^^ ^^^M^Mm 1 --lO^C X sec (D«5IST' 

{^ts: < 650°C* •T?;tJD3i?^SPi-§ :i t i § J: 

J: !9 %20~100 °C_h# $ ii-. •A^ommmi^ — /^<Dm^. ^^:iSXU^ 

M^^^— h mu m -^^ h i&m m 1 --^io°Cy^ sec (Dmmx^ 

J; 19 ^20~100 °CJb# $ :*^omrBliEM=^> 100#i^>ll^ fff |Bii 

i/-7i^ofe^(^?aS^#?!amr J; ?9 ^>2o~ioo °CJ:#$^^. d^of&iB 

1 ~10°C/sec (Dmm-V{i^^t^ < t h 650°C * -e;tJP3lJ«^*p-r § - 
24. ft ^:Sll~l6(DMtLd^03g^;ilB4feo/-?— ^-r — /kjoM 
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3g^^*Pi-•5 KBV. tfrlBlil/ — /l^<D|M]Iffi/&^p3^ $ 30mm a §13 1^^ 
K^i-f ^Ummm TSO-SSO °C-e<Df^SP5gS ( ICR : "C/'sec);^^^ 
mmmi- — /\^<Dit^^^i)^ ^TB (4) ^l?:^$i^6flt (CCR) 
KMVX. ICR^CCR ^m^ir^^5\:iMm'^mir:6:Lt^s^m.t 

CCR =0. 6+lOX ( [%C]-0. 9)-5X ( [%C]-0. 9) X [%Si]-0. 17[%Mn]-0. 
13[%Cr] ••• ( 4 ) 5^ 

T^^^^-r^Kmi^. ■mmMm^^M:^^ . -ummm 75o~5oo ''c-v<Dm 
mm ^—/i^(Dmmumm(D^^i!iimm (th : °c/sec). mw^mm<D 
^mmm cts : "c/sec). mTumm<D^nmm (u : °c/'sec)^=' 

^Tfe-STIH (5) ^-e^^tbSflt (TCR)i)^. tfr 13 » 1/ — ^ ^ 

^^^e>/^§TtB (4) ^-V^^ti^m (CCR)(c:^UT. 4 CCR ^ TC 

R ^2ccR ^m&'T^s X ^ icmmi^m-ir^:! t^iwrnt-t^mmn 

CCR =0. 6+lOX ( [%C]-0. 9)-5X ( [%C]-0. 9) X [%Si]-0. 17[%Mn]-0. 

13[%Cr] - ( 4 ) ^ 
TCR =0.05 TH(°C/sec)+0. 10 TS(°C/sec)+0. 50 TJ( °C /sec ) - 

( 5 ) ^ 

26. If ^:Sll~25cofBrtb;^^o:^fc|B^(^>^>° — 7 ^ h^lx — /u©^ 
^it;^fe{^:*3V^T. C -a-^iydso. 85—1. 40% t? ^ :ii:^#i5:i:-r'5 

27. ^^:®ll~26©M;h.:d^©:Sf-IBife(D/N° — 7^ h^i/ — 
3t;^fe{^*3V^T. ^r^HM^<^ 1/ — $ 100~ 200m § ^ 
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28. m M^U--- 27 (D i^S ti <D m (D y-^— V 4 h^l/— /KDM 

$20mni©f5IS(^5g § ;^SHv : 300-500 (D mm -V h ^ t ^ ^Wc t ir 
mJfmK^^^X. Mf-. Mo : 0. 01~0. 50% ^^^t- ^ i 

3t;^&^^*5V^T. V : 0. 005~0.50%, Nb : 0.0 

02~0.050 B : 0.0001 — 0.0050%. Co : 0. 10~2.00%, Cu : 0. 

05~1.00%. Ni : 0. 05~1. 00%. N : 0. 0040~ 0. 0200% O 1 ® * fc 

3t;^^ic:*5V^T. ^i^. W*%-e. Ti : 0. 0050~0. 0500%. Mg : 0 
. 005~0. 0200% . Ca : 0. 0005~0. 0150%. Al : 0. 0080~ 1. 00% . Zr 

: 0.0001—0.2000%© 1 fd-t 2 msx±^^^-i' ^ :i t^WW^t 

at:^^fe^3:*5V^T. u — 7i-^'^(Df^±^f^^^xW.nir^^^ 300 n 

m<D'M6^ t^mir ^ >- ^ ^ hUmco^^Wc (NC : :^^lrir^ 

^4 h^mm :^^rm (i) ^T'^$i^§^It (ce) (^^ut. ns^ 
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Fig. 7 
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Fig.8 
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